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Abstract 
The purpose of this study is to investigate the effect of aerobic and strength exercises on hematological parameters in 
sedentary women. To achieve the purpose of this study, a total of 23 volunteers including aerobic exercise group (AE, n: 
10), strength exercise group (SE, n:13) were selected as participants. Two different exercises were applied for 4 days a 
week, throughout 16 weeks, within 60 minutes for each exercise with the intensity of heart rate (HR) 60-70 percent. The 
HR was measured using a heart rate monitor for each subject. 
The women's white blood cell (WBC), thrombocyte (PLT), red blood cell (RBC), hemoglobin (HGB), hematocrit (HCT) 
and mean corpuscular volume (MCV) were measured before and after exercise. For statistical analysis, the Wilcoxon 
signed-rank test was used for intra-group evaluations, and the Mann Whitney U test was used for inter-group 
evaluations. After the exercise program, there were a meaningful decrease in the body weight and body mass index 
(BMI) the women in both intervention groups. In addition, in the hematological results of strength exercise group, some 
meaningful decreases were determined in the values of RBC, HGB, HCT and MCV (p<0.01). As a results, it was 
observed that regular aerobic and strength exercises can positively influence the body weight and BMI parameters of 
sedentary women. Along with this, a meaningful decrease has been found in the values of RBC, HGB, HCT and MCV 
of strength exercise group compared to aerobic exercise. 
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1-Introduction  
Blood is made up of an intracellular liquid (plasma) which has a major role of maintaining homeostasis (Isaac et al., 
2013) and red blood cells, white blood cells, and platelets that are suspended in this liquid. The circulating blood 
volume constitutes about 7% of the total body weight. Approximately 55% of the blood is plasma and the protein 
content is 7 g/dl (appx. 4 g/dl albumin and 3 g/dl plasma globulins) (Berne et al., 2008). The basic function of the 
circulating blood is to provide O2 and nutrients to the tissues, and remove the carbon dioxide and waste products 
(Günay et al., 2008). 
The blood volume and hemoglobin amount increase with exercise. As the blood volume increases together with the 
hemoglobin content, the hemoglobin content remains stable, or can even slightly decrease (Powell et al., 1987; Uzun, 
2016). Regular exercise can affect the blood parameters (Astrand & Rodalf, 1986). Thus the hematological parameters 
can change, depending on the type, intensity and duration of the exercise (Çakmakçı, 2009; İbiş et al., 2010). The 
hematological values can change during and after vigorous exercise, which can vary according to gender, age, 
environment or nutrition (Çakmakçı, 2009; Cengiz ve Çınar, 2014). Some researchers have found that some 
hematological parameters increase after regular exercises (Wardny et al. 2008; Koushi et al., 2013; Kantyka, et al., 2015; 
Gnanou et al., 2014; Ceylan et al., 2014; Duzova et al., 2016), whereas some researchers have indicated that there is no 
change (Spiropoulos and Trakada, 2003; Çakmakçı, 2009).  
The purpose of this study is to evaluate the hematological parameters of sedentary women after long-term aerobic and 
strength exercises.  
2. Method  
2.1 Participants 
Twenty-three healthy sedentary women participated voluntarily in this study. All selected participants were randomly 
divided into two groups as aerobic exercise group (AE, n=10, age 33±2.7), strength exercise group (CE, n=13, age 
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36.0±6.12). None of the participants had previously participated in any regular sports activities and did not smoke, 
special diet program is not implemented or have any chronic disorders, heart disease, or respiratory infections. An 
informed consent form prepared according to the Helsinki Declaration was signed by the women.  
2.2 Exercise Intervention 
During the exercises, the heart rate (HR) of both groups was controlled by a portable pulsimeter (Polar) device. In order 
to determine the severity of exercise in accordance with the Karvonen Method, the target HRs of each subject were 
separately calculated as follows: Target HR = [(220 – AGE) – RHR] x 0.70 + RHR (Goldberg et al. 1988).  
2.2.1 Aerobic Exercise Program 
The women were given aerobic-step exercise for 60 minutes for 4 days a week for 16 weeks according to their 
designated target HR levels. Warm-up exercises were done for 10 minutes, followed by 40-minute basic aerobic-step 
exercises, and finally 10-minute cool-down exercises.  
2.2.2 Strength Exercise Program 
The women were given core for 60 minutes for 4 days a week for 16 weeks according to their designated target HR 
levels. Warm-up exercises were done for 10 minutes, followed by 40-minute basic core exercises included 3 sets/10 
repetitions/set, 1–2min resting interval, (hip lifts with knee, crunches, side crunch, legs straight up crunches, half-up 
twists, push-ups on knees, plank leg lifts, squats, superman — opposite arm and leg extension, side lunge, left and right, 
bicycles) (Chabut, 2009) and 10 -minute cool-down exercises. 
2.3 Physical Tests 
The height of the women was measured using a steel Mescon brand tape in meters (m) with a precision of 1 mm with 
the women’s bare feet standing flat on the ground, heels adjoining, knees tense, and body in the vertical position. The 
body weight measurement was measured in kilograms (kg) on a scale with a precision of 0.01 kg provided that the 
women had bare feet and wore light clothes. The body mass index (BMI) formula (Body weight / Height²) was used to 
determine the body mass index. 
2.4 Hematological Parameters 
Subjects were warned about not to eat or drink anything after 22:00 pm one day before their blood samples were taken. 
Blood samples were taken in laboratory between 9:00-10:00 in the morning on an empty stomach. Hematological 
parameters including number of white blood cell (WBC), number of platelet (PLT), red blood cell (RBC), hemoglobin 
(HGB), hematocrit (HCT), mean corpuscular volume were taken as bases to hematological parameters and were 
determined by automatic cell analyzer (Beckman Coulter, USA). 
2.5 Statistical Analysis  
The SPSS 20.0 statistical package program was used in calculating the data. The descriptive statistics are given as (X ± 
Sd in the text by calculating the arithmetic mean (X) and standard deviation (Sd) of the data. The normality test was 
carried out by using the Shapiro-Wilcoxon test, and non-parametric tests were applied. The Wilcoxon signed-rank test 
was used for intra-group evaluations and the Mann-Whitney U test was used for inter-group evaluations. In this study, 
p<0.05 and p<0.01 was regarded as the significance level. 
3. Results 
Table 1. Anthropometric data (mean±Sd) 
 AE (n=10) SE (n=13) 
Age (years) 33±2.7 36.0±6.12 
Height (cm) 160.3±1.2 162±2.3 
Weight (kg) 73.40±8.75 73.76±8.69 
BMI (kg/m
2
) 28.67±3.28 29.45±2.29 
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Table 2. Comparison of some hematological parameters of the groups before and after exercise 
 
 
  Variables 
Aerobic exercise ( n=10) Strenght exercise (n=13) 
Exe. 
 
X±Sd p X± Sd p 
Weight (kg) 
Pre 73.40±8.75 
0.007** 
73.76±8.69 
0.001** 
Post  68.70±8.12 69.00±7.97 
BMI ((kg/m
2)
 
Pre 28.67±3.28 
0.008** 
29.45±2.29 
0.001** 
Post  26.80±2.77 27.56±2.29 
WBC(k/uL) 
Pre 6.87±1.32 
0.906 
7.35±1.29 
0.754 
Post  6.77±1.54 7.27±1.07 
PLT(k/uL) 
Pre 259.20±79.88 
0.767 
265.84±62.62 
0.152 
Post  262.00±64.07 254.84±60.33 
RBC(m/uL) 
Pre 4.60±0.23 
0.053 
4.52±0.27 
0.003** 
Post  4.38±0.20 4.34±0.26 
HGB(g/dl) 
Pre 12.25±1.52 
0.235 
12.60±1.19 
0.002** 
Post  11.93±1.35 11.74±1.31 
HCT(%) 
Pre 38.10±3.91 
0.110 
38.57±3.15 
0.001** 
Post  36.58±3.25 35.99±3.46 
MCV(fL) 
Pre 82.78±7.12 
0.646 
85.27±6.73 
0.006** 
Post  83.55±7.09 82.97±7.73 
*p<0.05; **p<0.01 
Note: BMI (Body mass index), WBC=white blood cells, PLT= Thrombocyte Count, RBC= red blood cells, HGB= 
Hemoglobin, HCT= hematocrit, MCV= Mean corpuscular volume. 
The comparison of the groups before and after exercise within themselves has revealed that there were a meaningful 
decrease in the body weight and body mass index (BMI) the women in both exercises groups (p<0.01). For the aerobic 
exercise (AE) group, it was determined that the HGB and HCT values were lower and the PLT and MCV values were 
higher. However, this result was not statistically significant (p > 0.01). For the strength exercise (SE) group, it was 
found that the RBC, HGB, HCT, and MCV variables significantly decreased (p <0.01).  
Table 3. The comparison of some hematological parameters of the groups before and after exercise 
Variables  
Pre exercises Post exercises 
Group Min. Max. X±Sd P Min. Max. X±Sd P 
Weight (kg) AE 62.0 92.0 73.40±8.75 
0.906 
57.0 82.0 68.70±8.12 
0.860 
SE 60.0 92.0 73.76±8.69 51.0 83.0 69.00±7.97 
BMI (kg/m
2
) AE 24.22 35.06 28.67±3.28 
0.639 
22.27 31.25 26.80±2.77 
0.792 
SE 24.5 34.13 29.45±2.29 21.79 31.22 27.56±2.29 
WBC 
(k/uL) 
AE 4.90 8.90 6.87±1.32 
0.476 
4.10 8.90 6.77±1.54 
0.420 
SE 5.60 9.90 7.35±1.29 5.50 8.90 7.27±1.07 
PLT (k/uL) AE 121.0 435.0 259.20±79.8 
0.535 
128.0 364.0 262.00±64.07 
0.687 
SE 140.0 362.0 265.84±62.62 145.0 348.0 254.84±60.33 
RBC (m/uL) AE 4.16 4.92 4.60±0.23 
0.226 
4.13 4.83 4.38±0.20 
0.733 
SE 4.16 5.23 4.52±0.27 3.95 4.98 4.34±0.26 
HGB (g/dl) AE 9.30 14.20 12.25±1.52 
0.456 
9.80 13.50 11.93±1.35 
0.780 
SE 10.50 14.50 12.60±1.19 9.90 13.70 11.74±1.31 
HCT (%) AE 29.70 42.0 38.10±3.91 
0.951 
31.20 40.10 36.58±3.25 
0.576 
SE 32.0 44.20 38.57±3.15 31.0 41.10 35.99±3.46 
MCV (fL) AE 71.50 95.0 82.78±7.12 
0.321 
71.10 92.70 83.55±7.09 
0.852 
SE 72.30 94.40 85.27±6.73 71.20 94.50 82.97±7.73 
*p<0.05 
The evaluation of Table 3 suggests that the before and after exercise weight, BMI, WBC, PLT, RBC, HGB, HCT and 
MCV parameters are not significantly different between the two groups. 
4. Discussion 
In this study, sedentary women were given exercise for 16 weeks (aerobic and strength) in order to determine the 
positive effects of exercise on hematological parameters. 
Regular exercise improves both the physical and mental strength of a person. Many studies indicate that long-term 
aerobic, aerobic-step and strength exercises positively influence the body weight and BMI values (Donnelly et al., 2003; 
Harbili et al., 2005; Haksel et al., 2007; Gönülateş et al., 2010; Chaudhary et al. 2010; Ossanloo et al., 2012; Morencos 
et al., 2012). The findings of this study indicate that the 16-week exercise program (including aerobic and strength 
exercises) has significantly decreased the body weights and BMI of women in both groups. Our findings are compatible 
with the literature, which suggests that long-term exercises positively affect body weight and BMI.  
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As blood parameters can influence the type and intensity of the exercise, it is known that exercise can affect the blood 
parameters (Astrand & Rodalf, 1986; Ceylan et al., 2014; Bezci and Kaya, 2010). It is well known that physical 
exercise and sports affect the hemoglobin (Hb) concentrations (Fujitsuka et al., 2004). Fujitsuka et al. (2004) have 
found that the HGB values decreased after a 12-week long ranger training program. 
Sazvar et al., (2013) have found that during an 8-week aerobic morning exercise the number of red blood cells, 
hemoglobin levels, and hemotocrit percentage increased, number of platelets decreased significantly. Ceylan et al., 
(2014) have reported that HGB significantly more decreased in aerobic dance group as compared with step dance group 
and and they reported this reduction may be associated with malnutrition rather than exercise. İbiş et al., (2008) noticed 
no significant differences in the hematological values after the aerobic exercise, it was then determined that there were 
significant increases in the, HCT, HGB, WBC values after the anaerobic exercise and significant decreases in these 
values after 24 hours. Another study have found have found there are positive changes in hematological values among 
sedentary females after the 8-week core exercise program but these changes are not significant in others except for RBC 
(Cengiz and Çınar, 2014). 
Yeh et al. (2006) have evaluated the blood samples of 14 male and 23 female athletes, who are doing regular exercise 
for 12 weeks, before and after an exercise period of 12 weeks. They did not find a significant change in the WBC and 
RBC levels (p <0.001). Another similar study by Ümit et al., (2004) has studied the RBC levels of 9 sedentary and 9 
athletes before and after a two-week exercise program. They did not find a significant change in the RBC values. The 
reason for this lack of a significant change can be related to the intensity of the exercise (Bezci and Kaya, 2010).   
Gallagher et al. (2000) have conducted an 8-week-long aerobic exercise program among adults (aged 18-29, normal diet 
and diet with supplements). They have found a significant increase of HGB levels in both groups. In contrast, Mashiko 
et al. (2004) indicate that a 20-day exercise program did not significantly change the HCT values of the 25 athlete 
subjects. Pouramir et al. (2004) have studied the blood samples of 35 male gymnasts before and after a 10-week 
exercise program. They did not find a significant change in the MCV and erythrocyte levels (p> 0.05). It is assumed that 
this is due to the characteristic decrease of HBG and HCT levels of the athletes that intensely exercise, a condition that 
is called "athlete's anemia" (Londeann et al., 1978; Thorner et al., 1933). 
Some researchers claim that the HCT values were lower among athletes compared to sedentary individuals (Ernst, 1987; 
Sawka et al., 2000). Some researchers associate this condition with the exercise-associated erythrocyte catabolism 
(Kurz, 1948; Martin and Kilian, 1959). The increase in plasma viscosity that can occur during exercise (Rand et al., 
1970) has been shown to be associated with the changes in erythrocyte deformability and the increased temperature 
(El-Sayed et al., 2005.) Yoshimura et al., (1980) claim that these changes may be linked to the duration and type of the 
exercise.  
Our findings indicate that, for the aerobic exercise group, the HGB and HCT values decreased and the PLT and MCV 
values increased at the end of an exercise period of 16 weeks, but these findings were not statistically significant. In the 
strength exercise group, the RBC, HGB, HCT and MCV variables significantly decreased (p<0.01). This decrease is due 
to the increased requirement of muscular exertion in the SE group which in turn increases blood viscosity, decrease 
deformability and increase body temperature. Another cause of exercise-associated anemia is the inadequate intake of 
protein (Yoshimura et al., 1980) and iron deficiency (Hunding et al., 1981). In our study, neither of the study groups 
received protein or iron supplements during the exercise period. Accordingly, it can be said that the nutritional 
deficiency will be more prominent in the strength exercise group compared to the aerobic exercise group, which can 
decrease the hematological parameters. 
It was observed that regular aerobic and strength exercises can positively influence the body weight and BMI 
parameters of sedentary women. It was determined that strength exercises significantly decrease some hematological 
parameters. 
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